Background: Necrotizing enterocolitis is characterized by intestinal inflammation and epithelial barrier dysfunction. Mitogen-activated protein kinase (MAPK) phosphatase (MKP)-1 plays a pivotal role in the feedback control of MAPK signaling, which regulates inflammation and apoptosis. We hypothesized that MKP-1 prevents lipopolysaccharide (LPS)-induced apoptosis in intestinal epithelial cells. Methods: Western blot analysis and qPCR were used to assess MKP-1, MAPK (p38, extracellular signal-regulated kinase (ERK), and c-Jun N terminal kinases (JNK)), caspase 3, caspase 9, tumor necrosis factor (TNF)-α, and cyclooxygenase (COX)-2 expression levels in rIEC-6 enterocytes. MKP-1 expression was inhibited using small interfering RNA (siRNA) methodology. Viable cell number was determined using trypan blue exclusion. results: LPS stimulation led to activation of p38, JNK, and ERK, and induction of MKP-1 mRNA and protein expression. The induction of MKP-1 was associated with a decrease in p38 phosphorylation, and knockdown of MKP-1 prolonged p38 phosphorylation. While LPS stimulation significantly attenuated proliferation of rIEC-6 cells transfected with scramble siRNA, LPS stimulation resulted in a net decrease in viable cell number in cells transfected with MKP-1 siRNA. Following LPS stimulation, MKP-1 knockdown resulted in greater caspase 3 and 9 activities and greater proinflammatory cytokine (TNF-α, COX-2) expression than in cells transfected with scramble siRNA. conclusion: Our results demonstrate that MKP-1 has a central role in preventing inflammation-induced apoptosis in rIEC-6 enterocytes.
n ecrotizing enterocolitis (NEC) is a disease of intestinal inflammation and epithelial barrier dysfunction. This devastating disease affects up to 10% of premature infants weighing less than 1,500 g with an overall mortality rate of 25 to 50% in those requiring surgical intervention (1) (2) (3) . The primary risk factor is prematurity. Although the exact pathogenesis is not completely understood, an exaggerated inflammatory response to intestinal bacteria has been proposed as a possible contributing mechanism (4) . Intestinal epithelial cells (IECs) are the key cell type for the maintenance of intestinal barrier function. They not only provide a strong physical barrier to the external environment but also secrete a variety of antimicrobial factors (5) . To maintain the integrity of the intestinal barrier, the intestinal tissue needs to achieve a balance between apoptosis and cell regeneration. This balance is disturbed in the inflamed intestine where the epithelium is exposed to toxins and proinflammatory cytokines that induce apoptosis (6) .
IECs also serve a key role in the host immune response to luminal bacteria. Components of the bacteria including lipopolysaccharide (LPS) interact with Toll-like receptors (TLRs) on the IECs themselves. Once activated, TLRs elicit the activation of several signal transduction pathways, including the mitogen-activated protein kinases (MAPK) (7) . The MAPK family members can be classified into extracellular signalregulated kinases (ERK), c-Jun N terminal kinases (JNK), and p38 (ref. 8) . While ERKs are preferentially activated by growth factors, JNK and p38 are preferentially activated by stress. MAPKs relay, amplify, and integrate signals to elicit a myriad of cellular responses, such as cell proliferation, differentiation, inflammation, and apoptosis (9) .
IECs have a high rate of turnover, thus a balance between proliferation and apoptosis is crucial for maintenance of normal morphology and adequate barrier function of the intestinal wall. Apoptosis may be initiated extrinsically via activation of caspase 8, or intrinsically via activation of caspase 9. Both pathways lead to caspase 3 cleavage and ultimately result in endonuclease activation and nuclear DNA fragmentation (10) . Excessive apoptosis, due to accelerated cell death, leads to the breakdown of the epithelial barrier thus facilitating invasion of pathogenic bacteria. Stress stimuli capable of inducing apoptosis, including LPS, are potent activators of MAPKs. Regulation of MAPK signaling is essential to prevent uncontrolled apoptosis, and one such regulatory mechanism is the MAPK phosphatases (MKPs). The MKPs deactivate ERK, JNK, and p38 by dephosphorylating and thereby terminating stress-induced MAPK Articles signaling, and MKP-1 preferentially dephosphorylates p38 and JNK (9, (11) (12) (13) (14) (15) . MKP-1, the archetypical MKP family member, has been shown to regulate numerous physiological and immunological functions (9) . For example, MKP-1 has been shown to negatively regulate proliferation in several different types of cells (16, 17) . The present study was undertaken to test the hypothesis that MKP-1 is central to preventing LPS-induced apoptosis in IECs. We investigated the role of MKP-1 in LPS-induced apoptosis and IEC survival.
RESULTS

LPS Activates MAP Kinase and MKP-1 Expression in rIEC-6 Cells
MAP kinase activation in confluent rIEC-6 cells stimulated with 100 μg/ml LPS was evaluated by western blot. LPS treatment resulted in the phosphorylation of p38 (pp38) within 15 min, and levels of pp38 peaked at 30 min (Figure 1a,b) . JNK was phosphorylated at 15 min after LPS treatment, reaching a peak level at 30 min before returning to basal levels (Figure 1a,c) . ERK peak phosphorylation occurred after 15 min of LPS treatment (Figure 1a,d) .
We also examined the temporal expression of MKP-1 in rIEC-6 cells. MKP-1 expression was examined by western blot analysis and qPCR. In unstimulated (control) cells, the MKP-1 protein expression was minimal, essentially below the limit of detection (Figure 2a) . In response to LPS stimulation, MKP-1 protein expression increased dramatically, reaching peak levels at 30-60 min then returning to basal levels by 90 min (Figure 2b) . MKP-1 mRNA levels mirrored protein levels, although MKP-1 mRNA levels returned to below basal levels by 60 min (Figure 2c) . It is worth noting that the increase in MKP-1 protein levels following LPS exposure was temporally associated with a decrease in pp38, phosphorylated ERK (pERK), and phosphorylated JNK (pJNK). These findings suggest that MKP-1 might serve as a negative regulator of MAP kinases in rIEC-6 cells as has been described in leukocytes (18, 19) .
Temporal Knockdown of MKP-1 Gene Expression in rIEC-6 Cells
To characterize the role of MKP-1 in rIEC-6 cells, rIEC-6 cells were transfected with either scramble siRNA or MKP-1 interfering siRNA (siMKP-1). Following LPS stimulation of MKP-1 after 30 min, knockdown of MKP-1 mRNA expression was evaluated Densitometry for phospho-p38 (pp38) protein levels normalized to total p38 levels. (c) Densitometry for phospho-JNK (pJNK) levels normalized to total JNK levels. (d) Densitometry for phospho-ERK (pERK) levels normalized to total ERK levels. Data are shown as means ± SEM relative to each total MAP kinase at each time point from at least three independent experiments with triplicate samples for each time point. *Peak protein expression of pp38 and pJNK are different from control, P < 0.05. at the same time point by qPCR (Figure 3a) . Significant attenuation of MKP-1 mRNA expression (P < 0.05) was found after 30 min. Decreased MKP-1 mRNA expression was also confirmed at 4 and 24 h post-LPS stimulation. To evaluate the effect of MKP-1 knockdown on MKP-1 protein expression after prolonged LPS stimulation, MKP-1 protein levels were examined 24 and 48 h following LPS stimulation. Western blot analyses indicate that MKP-1 protein levels in rIEC-6 cells transfected with siMKP-1 were lower than in cells transfected with scramble siRNA after 48 h of LPS exposure (P < 0.05; Figure 3b ,c).
MKP-1 Knockdown Preferentially Prolongs pp38 Activation in rIEC-6 Cells
To determine the effects of MKP-1 gene knockdown on levels of pp38, pJNK, and pERK, rIEC-6 cells transfected with either scramble or siMKP-1 was examined in a time course experiment.
Significant upregulation of pp38 (P < 0.05) after MKP-1 knockdown was seen following 15, 60, and 90 min of LPS stimulation (Figure 4a,b) . In contrast, pERK and pJNK were not significantly affected by MKP-1 knockdown (Figure 4c,d ). These findings suggest that MKP-1 is a negative regulator of p38 in rIEC-6 cells.
MKP-1 Knockdown Augments LPS-induced Expression of TNF-α and COX-2 in rIEC-6 Cells
To investigate the impact of MKP-1 knockdown on the LPSinduced inflammatory response in immature IECs, we first Articles examined tumor necrosis factor-α (TNF-α) and cyclooxygenase-2 (COX-2) in rIEC-6 cells following LPS exposure. rIEC-6 cells were grown to 80% confluence and left unstimulated or stimulated with LPS (100 μg/ml) for 4 h. The cells were then harvested for RNA and analyzed by qPCR. There was increased TNF-α and COX-2 mRNA levels (P < 0.05) from LPS stimulated cells as compared with unstimulated IECs (Figure 5a,b) .
To test the hypothesis that MKP-1 regulates TNF-α and COX-2 responses in rIEC-6 cells following LPS stimulation, rIEC-6 cells were transfected with either scramble siRNA or siMKP-1, stimulated with LPS for 4 h, and TNF-α and COX-2 mRNA levels measured by qRT-PCR. Following LPS stimulation, siMKP-1-treated cells produced significantly higher levels of TNF-α and COX-2 mRNA (P < 0.05) than did scramble-siRNA transfected cells (Figure 5c,d) . Altogether, these findings suggest that MKP-1 plays an important role in the regulation of the inflammatory response in rIEC-6 cells.
MKP-1 Knockdown Decreases Viable Cell Number
IECs establish and maintain the intestinal mucosal barrier. To determine the role of MKP-1 in IEC proliferation, cells were transfected with scramble siRNA or siMKP-1 for 24 h and then seeded at 4 × 10 5 cells/well in a six-well plate. These cells were then treated with either LPS or vehicle for 48 h (Figure 6 ). In the absence of LPS treatment, siMKP-1 transfection of rIEC-6 cells resulted in significant lower numbers of viable cells (P < 0.05) than in scramble siRNA-transfected cells. Treatment of scramble-transfected cells with LPS resulted in a 50% decrease in the number of viable cells as compared with scramble-transfected cells not treated with LPS. Treatment with the siMKP-1 followed by LPS stimulation resulted in a significantly lower number of viable cells than in scramble transfected LPStreated cells (P < 0.0001). In fact, the number of viable cells was less than the number of cells that were seeded at the start of the experiment (Figure 6 ). These findings demonstrate the . Twenty-four hours after transfection, the cells were stimulated with LPS (100 μg/ml) for the indicated times. Control groups were transfected with each transfection vector, respectively, but not stimulated by LPS. Representative western blots of total and phosphorylated p38, ERK, and JNK for each cell lysates are shown. (b) Densitometry for pp38 protein levels normalized to total p38 protein levels. *Peak protein expression of pp38 after siMKP-1 (represented by black bars) transfection was different from scramble (represented by white bars) transfection at 15, 60, and 90 min of LPS stimulation. *P < 0.05 compared with scramble. (c) Densitometry for pERK protein levels normalized to total ERK protein levels. (d) Densitometry for pJNK protein levels normalized to total JNK protein levels. Data are shown as means ± SEM relative to total p38, ERK, and JNK at each time point from three independent experiments with triplicate samples for each experimental group. To determine the role of MKP-1 in LPS-induced apoptosis of rIEC-6 cells, cells were transfected with either scramble siRNA or siMKP-1. The protein levels of cleaved caspase 9 and caspase 3 were examined by western blot and quantified by densitometry (Figure 7) . Following LPS stimulation for 24 or 48 h, cells transfected with siMKP-1 produced significantly higher levels of cleaved caspase 3 (P < 0.05) than did scramble siRNA-transfected cells (Figure 7b) . Furthermore, after 48 h of LPS stimulation, cells transfected with siMKP-1 also exhibited significantly higher levels of cleaved caspase 9 (P < 0.05) than did cells transfected with the scramble siRNA (Figure 7c) . Taken together, these results demonstrate that MKP-1 plays an important role in dampening the LPS-induced apoptosis response in rIEC-6 cells.
DISCUSSION
The main findings of this study were: (i) LPS induced a transient activation of MAP kinases, including ERK, JNK, and p38 in rIEC-6 cells, and stimulated MKP-1 expression; (ii) knockdown of MKP-1 led to prolonged activation of p38 following LPS stimulation and resulted in elevated TNF-α and COX-2 expression; (iii) MKP-1 knockdown augmented the LPS-induced decrease in viable cell numbers; and (iv) MKP-1 negatively regulated LPS-induced apoptosis in rIEC-6 cells.
Taken together, these findings strongly support the hypothesis that MKP-1 is central in preventing LPS-induced apoptosis in IECs. These findings show that MKP-1 expression is critical for the maintenance of epithelial cell number. We propose that by inhibiting apoptosis in immature IECs MKP-1 preserves the enterocyte barrier to maintain homeostasis. Our findings may be particularly relevant to NEC. While the pathogenesis of NEC remains poorly understood, NEC is thought to be a disease of progressive inflammation involving enteric bacteria, the innate immune response, and a compromised intestinal epithelial barrier leading to necrosis (2) . MAP kinase activation represents the immediate early signaling events triggered by extracellular stimuli. By regulating the phosphorylation of the downstream targets, MAP kinases transduce the signals from extracellular environment to control the later cellular processes, including proliferation, differentiation, inflammation, and apoptosis. Since MAP kinase activation is an early event that initiates cellular processes that include proliferation and apoptosis, we examined MAP kinase activation shortly after LPS stimulation and assessed later cellular events such as proliferation and apoptosis 24 or 48 h post stimulation. Because we used cell number as a primary index to quantify cell proliferation, such assay is only meaningful after at least one cell division, underlying the rationale for assessing cell proliferation 24 or 48 h post-LPS stimulation. Similarly, unlike MAP kinase activation that occurs immediately following extracellular stimulation, apoptosis takes several hours or days to occur (Figure 7) . Nonetheless, the critical roles of MAP kinases in apoptosis have been unequivocally established 
MKP-1 protects against apoptosis
Articles by using constitutive active mutants (20) , gene knockout (21) , and pharmacological inhibitors (22) . The siRNA knockdown experiments presented here clearly established the role of MKP-1 in the regulation of LPS-induced apoptosis in rIEC-6 enterocytes. MKP-1 may be a therapeutic target for preventing an overzealous inflammatory response that can damage the host, such as is seen in inflammatory bowel disease, NEC, septic shock, etc. (11) . MKP-1 deficiency in vivo and in vitro has been found to lead to the excessive production of a wide variety of proinflammatory cytokines (i.e., TNF-α), chemokines (i.e., MCP-1) (14, 19, 23) , as well as iNOS and COX-2 (13, 18, 24) . While previous studies have primarily focused on leukocytes (macrophages, bone marrow-derived dendritic cells, and peritoneal macrophages), the present study sought to uncover the regulatory role of MKP-1 in an immature IEC line during the response to high-dose LPS, as might be seen during the pathogenesis of NEC or inflammatory bowel disease. Interestingly, rIEC-6 cells exhibited a proinflammatory response in terms of TNF-α and COX-2 induction (Figure 5a,b) . Knockdown of MKP-1 gene expression enhanced the production of TNF-α and COX-2 mRNA compared with scramble siRNAtransfected epithelial cells exposed to LPS (Figure 5c,d) . This data support the hypothesis that MKP-1 serves as a negative immune regulator in the IEC response to LPS.
Signals from the villus to the crypt cells regulate proliferation, and these signals are mediated by a variety of factors Articles Talavera et al.
including the MAP kinases (10) . The importance of MAP kinase (ERK, JNK, and p38) signaling during IEC proliferation and differentiation has been studied (25) (26) (27) . By using small molecule inhibition or gene knockout, it has been shown that ERK supports proliferation, whereas p38 and JNK promote differentiation of IECs. Localization of MAP kinases along the crypt-villus axis of the small intestine has been correlated with their biological function (28) . Recently, a study has reported on the role of MKP-1 in IEC survival in a different model of apoptotic injury: polyamine depletion following TNF/camptothecin treatment (29) . We used a different model of epithelial cell apoptosis, high-dose endotoxin as described in NEC (30) . We found that MKP-1 mRNA and protein expression are expressed in undifferentiated, small intestinal epithelial cells (Figure 2 ) and that MKP-1 is critical to proliferation and viability in these cells (Figure 6 ). Taken together, these two studies highlight the importance of activated MAP kinase signaling and MKP-1 protein in the regulation of apoptosis and survival of IECs to a various injurious stimuli. The role of bacterial toxins or endotoxin (LPS) on intestinal barrier function and epithelial cell turnover has been studied (31) (32) (33) . For example, Ruemmele et al. (31) showed that LPS alone significantly inhibited human IEC proliferation without inducing apoptosis or necrosis. However, we found that prolonged (48 h) LPS exposure in conjunction with MKP-1 knockdown triggered increases in both caspase 3 and caspase 9 activities above that found in scramble siRNA-transfected rIEC-6 cells (Figure 7) . This is consistent with the observation of decreased cell viability in LPS-treated, scramble siRNAtransfected cells (Figure 6 ). It should be highlighted that in the absence of MKP-1 knockdown, low degree of apoptosis did occur in rIEC-6 cells in response to prolonged LPS exposure, and knockdown of MKP-1 merely exacerbated LPS-induced apoptosis (Figure 7b,c) . It is likely that the transient activation of p38 triggered a cascade of cellular events including expression of proinflammatory mediators and execution of the apoptotic machinery. In the absence of a functional MKP-1, as the result of the MKP-1 knockdown, p38 activity is substantially augmented and prolonged, exacerbating the inflammatory and apoptotic cascades that aggravates the damage caused by LPS. While MKP-1 levels in LPS-stimulated cells at 4 h were dramatically decreased compared with its peak levels (30-60 min), the MKP-1 levels likely remain elevated relative to unstimulated control cells (Figure 2c) . Even the residual MKP-1 protein likely plays a role in lowering the basal levels of p38 and antagonizing p38-mediated inflammatory response and growth inhibition. This also explains the growth-inhibitory effects of MKP-1 siRNA in the absence of LPS exposure (Figure 6) . If prolonged LPS exposure causes a further suppression of MKP-1 expression, such effect will likely contributes to the adverse outcomes.
While the mechanism by which MKP-1 attenuates apoptosis remains unclear and is beyond the scope of this study, we can offer some speculations. MKP-1 may directly attenuate the signaling pathways activating the apoptosis process. Both JNK and p38 have been shown to mediate apoptosis in enterocytes (8, 34, 35) . By dephosphorylating and thereby deactivating JNK and p38, MKP-1 may terminate the signal from these pathways, thereby attenuating the signal transduction cascades leading to apoptosis. As MKP-1 knockdown did not significantly alter JNK activity, it is likely that under the study conditions MKP-1 protected rIEC-6 enterocytes largely via deactivation of p38. Alternatively, MKP-1 may limit the production of factors, such as TNF-α, which induce apoptosis in IECs (33) . Regardless of the mechanism involved, the novel antiapoptotic function of MKP-1 in this immature intestinal epithelial cell line raises the possibility that MKP-1 may be a potential therapeutic target for the maintenance of IEC viability.
In conclusion, we found that in rIEC-6 enterocytes LPS stimulation upregulated MAP kinase signaling as well as MKP-1 in a counter-regulatory fashion. Most importantly, we have shown using siRNA techniques that MKP-1 is critical to cell viability. These data are consistent with the hypothesis that MKP-1 plays an integral role in the maintenance of the intestinal epithelial barrier by preventing apoptosis. Furthermore, these studies suggest that regulation of MKP-1 may be a therapeutic target for preserving the intestinal epithelial barrier in the setting of overwhelming bacterial inflammation as seen in NEC.
METHODS
Cell Culture
Immature murine IECs, rIEC-6, were purchased from the American Type Culture Collection (AManassas, VA). rIEC-6 cells (studied in passages 7-20) are well-described, immortalized, immature, nontransformed rat small intestinal epithelial cells (36) . Cells were grown in high glucose Dulbecco's Modified Eagle's medium (Mediatech, Manassas, VA) supplemented with 10% fetal bovine serum (Hyclone, Salt Lake City, UT), 100 U/ml penicillin, 100 μg/ml streptomycin, and 0.1 U/ml of recombinant human insulin. Cells were maintained in 100 mm tissue culture plates at 37 °C in a humidified atmosphere with 5% CO 2 in ambient air. Cells were grown to a confluent monolayer prior to experimentation on 60 mm or six-well plates (Thermo Fisher Scientific, Waltham, MA). 
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Cruz, CA) using a DharmaFECT transfection protocol (Dharmacon RNAi; GE Healthcare, Lafayette, CO). Briefly, rIEC-6 cells were grown in six-well plates up to ~80% confluence and then incubated with either scramble siRNA or MKP-1 siRNA. Twenty-four hours after transfection, cells were treated with LPS (E. coli 0127:B8; Sigma-Aldrich, St. Louis, MO; 100 μg/ml) for 24 or 48 h prior to western blot and qRT-PCR. The LPS dose selected for this study was based on previous studies (32, 37, 38) .
RNA Isolation
Total RNA was isolated from rIEC-6 cells using Trizol (Invitrogen, Carlsbad, CA), as previously described (39, 40) . Briefly, 0.7 ml of the Trizol reagent was added to each well of a six-well plate containing rIEC-6 cells and incubated for 5 min at room temperature. Cells were scraped, and the mixture was collected and chloroform added. The tubes were vortexed for 15 s and incubated at 30 °C for 3 min. The mixture was centrifuged at 12,000g for 15 min at 4 °C before the supernatant was transferred to a fresh 1.5 ml centrifuge tube. Isopropyl alcohol was added, the mixture was incubated at 30 °C for 10 min, and then centrifuged at 12,000g for 10 min at 4 °C. The supernatant was then discarded. The pellet was washed with 75% ethanol and centrifuged at 7,500g for 5 min at 4 °C. The supernatant was again discarded; the pellet was partially dried, dissolved in RNase-free water, and stored at −80 °C.
Reverse Transcription and qPCR
Reverse transcription was performed as previously described (39 Table 1 and each was normalized to 18S rRNA using the ΔΔCt method (41) . All samples were analyzed in triplicate.
Protein Isolation
Protein was isolated from rIEC-6 cell lysate as previously described (40, 42) . Briefly, rIEC-6 cells were washed with ice-cold phosphatebuffered saline (PBS), and 50-100 μl of lysis solution (0.2 mol/l NaOH, 0.2% sodium dodecyl sulfate) was added to each plate or each well of a six-well plate. Thirty minutes before use, the following protease inhibitors were added to each ml of lysis solution: 1 μl aprotinin (10 mg/ml in double distilled (dd) H 2 O), l μl leupeptin (10 mg/ml in ddH 2 O), and 1 μl of phenylmethylsulfonyl fluoride (34.8 mg/ml methanol). The rIEC-6 cells were scraped, collected into sterile centrifuge tubes, and placed on ice for 30 min. The cell lysates were centrifuged at 12,000g for 15 min. The supernatant was stored at −80 °C. Total protein concentration was determined by the Bradford method (43) using a commercially available assay kit (Bio-Rad).
Western Blot
The lysed rIEC-6 cells were assayed for total and phosphorylated p38, JNK, and ERK, as well as MKP-1, cleaved caspase 3, and cleaved caspase 9 protein levels as previously described (39, 40) . Aliquots of cell lysate were diluted 1:1 with sodium dodecyl sulfate sample buffer, heated to 80 °C for 15 min, and then centrifuged at 10,000g at room temperature for 2 min. Aliquots of supernatant were used for sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The proteins were transferred to polyvinylidene difluoride membranes and blocked for 2 h in PBS with 0.1% Tween (PBS-T) containing 5% nonfat dried milk. The membranes were then incubated overnight at 4 °C with one of the following primary antibodies: MKP-1 rabbit polyclonal antibody (Santa Cruz); phosphorylated ERK, p38 and JNK rabbit polyclonal antibodies, total p38 and JNK antibodies, and cleaved caspase 3 and cleaved caspase 9 antibodies (Cell Signaling Technology, Beverly MA); and total ERK antibody (Transduction Laboratories, Lexington, KY). After overnight incubation, the membranes were washed three times with PBS-T. The membranes were then incubated with horseradish peroxidase-conjugated goat antirabbit or goat antimouse IgG secondary antibody (Bio-Rad) at room temperature for 1 h and subsequently washed three times with PBS-T. The protein bands were visualized using enhanced chemiluminescence plus reagent (GE Health Sciences, Piscataway, NJ) and quantified using densitometry (Sigma Gel; Jandel Scientific, San Rafael, CA). To control for protein loading, the blots were stripped using a stripping buffer containing 62.5 mmol/l Tris HCl (pH 6.8), 2% sodium dodecyl sulfate, and 100 mmol/l β-mercaptoethanol, and the blots were reprobed for β-actin (1:10,000; Abcam, Cambridge, MA) as described above.
Proliferation Assay
To determine cell proliferation, rIEC-6 cells were seeded in six-well plates at a density of 4 × 10 5 cells/well in Dulbecco's Modified Eagle's media as described above and incubated for 48 h. Adherent cells were trypinsized, and viable cells were counted using trypan blue exclusion. To determine endotoxin effect alone on rIEC-6 proliferation, adherent rIEC-6 cells were incubated with LPS (E. coli 0127:B8) for 48 h prior to trypan blue exclusion counting. To determine the effect of MKP-1 knockdown on rIEC-6 cell proliferation and cell viability, adherent cells were transfected with either scramble siRNA or MKP-1 siRNA for 24 h prior to seeding into six-well plates (4 × 10 5 cells/well). The effects of LPS exposure to the proliferation of scramble and siMKP-1-transfected rIEC-6 cells were determined after incubating the cells with LPS (E. coli 0127:B8) for 48 h prior to counting viable cells.
Statistical Analysis
Values are given as means ± SEM. All experiments were done in triplicate and conducted in three independent experiments to verify results. T-test or one-way ANOVA was used to compare groups. Differences were considered significant when P < 0.05 (Prism; GraphPad Software, San Diego, CA).
